Studies in mice and humans have shown that CD8 + T cell immunosurveillance in non-38 lymphoid tissues is dominated by resident populations. Whether CD4 + T cells use the same 39 strategies to survey peripheral tissues is less clear. Here, examining the turnover of CD4 + T 40 cells in transplanted duodenum in humans, we demonstrate that the majority of CD4 + T cells 41 were still donor-derived one year after transplantation. In contrast to memory CD4 + T cells in 42 peripheral blood, intestinal CD4 + TRM cells expressed CD69 and CD161, but only a minor 43 fraction expressed CD103. Functionally, intestinal CD4 + TRM cells were very potent cytokine 44 producers; the vast majority being polyfunctional TH1 cells, whereas a minor fraction 45 produced IL-17. Interestingly, a fraction of intestinal CD4 + T cells produced granzyme-B and 46 perforin after activation. Together, we show that the intestinal CD4 + T-cell compartment is 47 dominated by resident populations that survive for more than 1 year. This finding is of high 48 relevance for the development of oral vaccines and therapies for diseases in the gut. 49 50 51
rapidly upregulated after arrival into the tissue (Klonowski et al., 2004) , and plays a key role 61 preventing tissue egress by antagonizing sphingosine 1-phosphate receptor (S1PR1) (Skon et 62 al., 2013) . CD103 (also known as αE integrin) is highly expressed on intraepithelial 63 lymphocytes (IELs) and the heterodimer αEβ7 binds E-cadherin on the surface of epithelial 64 cells (Cepek et al., 1994; Schon et al., 1999) , promoting the accumulation of IELs in the 65 epithelium. 66 Although CD4 + T cells are more abundant than CD8 + T cells in most peripheral tissues 67 (Sathaliyawala et al., 2013) , studies to understand TRM cell biology have mainly focused on 68 CD8 + T cells. Over the last decade, CD4 + TRM cells have been identified in lungs ( truly resident, non-circulatory cells is still a matter of debate (Carbone and Gebhardt, 2019) . 74 CD103 as well as CD69 are induced by TGF-β, which is constitutively produced by gut 75 epithelial cells (Zhang and Bevan, 2013) . At human mucosal sites, most CD4 + T cells express 76 CD69, but few express CD103 compared to CD8 + TRM cells (Sathaliyawala et al., 2013) , and 77 both CD103and CD103 + CD4 + T subsets have been described in different tissues, such as T-cell immunosurveillance and long-term persistence in the human intestine remains 86 incomplete. 87 We have recently reported that the majority of CD8 + T cells persists for years in 88 human small intestine (Bartolome-Casado et al., 2019), however, it is still unknown whether 89 CD4 + T cells share these features with their CD8 + counterparts. Here, we present a 90 comprehensive study of the longevity and phenotype of intestinal CD4 + T cells in humans. In 91 a unique transplantation setting we followed the persistence of donor-derived CD4 + T cells in 92 grafted duodenum over time and found that the majority of donor CD4 + T cells are 93 maintained for at least one year in the graft. Furthermore, both CD103and CD103 + CD4 + T 94 cell populations presented very similar turnover rates, suggesting that both constitute TRM 95 populations. Finally, we showed that the vast majority of both CD103and CD103 + CD4 + TRM 96 cells were polyfunctional TH1 cells and a fraction produced cytotoxic granules after 97 activation. whereas all PB CD4 + T cells were CD69-negative (Figure 1A, C) . The SI CD4 + T cells were 127 separated into three clusters based on their differential expression of CD103 and KLRG1 128 ( Figure 1A) . The population expressing CD103 comprised on average 18% of the LP and 66% 129 of IE CD4 + T cells (Figure 1C, left) , whereas KLRG1 was expressed by 26% and 5% of LP and IE 130 CD4 + T cells, respectively (Figure 1D ). PB CD4 + T cells were completely negative for CD103, 131 however a fraction (mean 19%) of PB CD4 + TEM cells expressed KLRG1 (Figure 1A and D) . PB 132 CD4 + TEM and SI CD4 + T cells showed similar expression of PD1, CD127 (IL-7 receptor-α) and 133 NKG2D. In contrast, CD28 was significantly higher expressed on PB CD4 + TEM cells, whereas 134 CD161 was expressed at higher levels on SI CD4 + T cells (Figure 1A and D) . In addition, the 135 immunomodulatory receptor CD244 (2B4) was expressed higher on the IE subset. In line 136 with other reports (Kumar et al., 2017) , we also found that the negative regulator CD101 was 137 highly expressed by the SI CD4 + T cells (Figure 1S-D) . Given that one of the SI CD4 + T-cell 138 clusters was enriched in cells expressing the TRM marker CD103 (Figure 1A) , we examined the 139 differential phenotypic profile of CD103 + and CD103 -CD4 + T cells in LP and in the 140 epithelium. CD103 -CD4 + T cells presented a higher fraction of KLRG1 positive cells in both 141 compartments, while IE CD103 + CD4 + T cells exhibited significantly higher expression of 2B4. 142 Otherwise we found only small differences between the CD103 + and CD103subsets 143 (representative histograms in Figure 1E and compiled data in Figure S1E ). 144 Taken together, these results show that SI CD4 + T cells were clearly different from 145 their blood counterparts, being CD69 + CD103 + / -CD161 + CD28 low . The phenotype of IE CD4 + T 146 cells was very similar to IE CD8 + cells; the majority being CD103 + KLRG1 -2B4 + . 147 148 149 To directly examine the longevity of CD4 + TRM cells in human SI, we assessed the long- (Figure 2A-B) . The CD103and CD103 + 156 CD4 + T cells were analyzed separately. At 3 and 6 weeks, LP and IE CD4 + T cells exhibited very 157 low replacement (median >85% donor cells), with no significant differences between the 158 6 CD103and CD103 + CD4 + T subsets ( Figure 2B ). Importantly, also 1-yr after Tx the majority of 159 SI CD4 + T cells in both the LP and IE compartments were donor-derived, the fraction being 160 slightly higher for LP CD103 + compared to CD103 -CD4 + T cells (medians 77% and 60%, 161 respectively). However, the majority of CD103 -CD4 + T cells were still of donor origin at 1 yr 162 post-Tx, demonstrating that CD103 expression is not required for the persistence of CD4 + 163 TRM cells in human SI. In line with this, the turnover of both IE and LP CD103 + and CD103 -164 cells was highly correlated at 1 yr post-Tx ( Figure 2C) (Figure 2E) . 171 These results showed that the majority of donor-derived SI CD4 + T cells persisted at 191 transplanted duodenum 192 Transplanted SI gives us a unique opportunity to study the differentiation of recruited 193 incoming CD4 + T cells and whether they acquire a TRM phenotype in SI mucosa. To this end, (Figure 1A) , the majority of the LP CD4 + T cells were CD103 -KLRG1 -203 at all the time points regardless of their origin (Figure 3E) . Furthermore, the turnover of 204 donor LP CD103 -KLRG1and CD103 -KLRG1 + CD4 + T cells were very similar, evidenced by the 205 high correlation of donor-derived cells within both subsets over time ( Figure 3F) . 206 Together, we find that recipient CD4 + T cells recruited to the transplanted duodenum 207 rapidly acquire phenotypic features similar to persistent donor CD4 + T cells (Figure 2) , 208 suggesting that they gradually differentiate into TRM in situ. 211 To examine the functional properties of SI CD4 + T cells we studied their cytokine expression 212 profile and ability to produce cytotoxic granules. First, LP CD4 + T cells isolated from 213 histologically normal SI were short-term stimulated with PMA and Ionomycin and 214 intracellular staining was perform with antibodies targeting specific cytokines (Table S1). By 215 flow-cytometric analysis we found that the majority of the LP CD4 + T cells, both CD103and 216 CD103 + , produced IFN-γ, IL-2 and TNF-α ( Figure 4A ). Almost half of the cells produced all 217 these three cytokines simultaneously ( Figure 4B-C) , and we did not find significant 218 differences between CD103 -KLRG1 + and KLRG1cells ( Figure S4A) . In contrast, triple- 219 producing cells constituted only 4% of the memory CD4 + T cells in PB ( Figure 4B-C) . 220 Comparing the LP CD103and CD103 + subsets, we found significantly higher fraction of IL-17 221 and MIP1-β-producing cells within the CD103 + subset compared to CD103 -CD4 + T cell subset 222 ( Figure 4A ). Furthermore, CD103 + CD4 + T cells contained a higher fraction of IFN-γ + IL-17 + 223 double producing cells ( Figure 4D) . In contrast, CD103 -CD4 + T cells presented higher 224 numbers of IL-13-producing cells than their CD103 + counterparts, whereas comparable 225 expression of IL-10 and IL-22 was found in the two subsets ( Figure 4A ). (Table S1) . 357 To assess the expression of L-Selectin on digested tissue, cells were rested for 12h at 37°C Microscopy. 387 Analysis of chimerism was performed as described previously (Landsverk et al., 2017) . 388 Briefly, formalin-fixed 4-μm sections were washed sequentially in xylene, ethanol, and PBS. 389 Heat-induced epitope retrieval was performed by boiling sections for 20min in Dako buffer. test between subsets (black) and unstimulated vs stimulated (red). Paired student's t test 741 was applied to compare the two subsets. ns, not significant; **, P ≤ 0.01.
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